We report a hitherto unknown statistical relationship between the corpus frequency of finite verbs and their fixed linear positions (early vs. late) in finite clauses of English, Dutch, and German. Compared to the overall frequency distribution of verb lemmas in the corpora, high-frequency finite verbs are overused in main clauses, at the expense of nonfinite verbs. This finite versus nonfinite split of high-frequency verbs is basically absent from subordinate clauses. Furthermore, this "main-clause bias" (MCB) of high-frequency verbs is more prominent in German and Dutch (SOV languages) than in English (an SVO language). We attribute the MCB and its varying effect sizes to faster accessibility of high-frequency finite verbs, which (1) increases the probability for these verbs to land in clauses mandating early verb placement, and (2) boosts the activation of clause plans that assign verbs to early linear positions (in casu: clauses with SVO as opposed to SOV order).
Introduction: the accessibility-anteriority link
Speakers tend to prioritise sentence constituents whose content and form were planned with little processing effort: They are more likely to assign earlier positions to easy constituents than to constituents that were harder to plan, provided the grammar allows sufficient linearorder flexibility. Three oft-studied cases are the following. An important determinant of processing cost is conceptual accessibility (Bock & Warren, 1985) . A well-known example is animacy: Animate/human referents are processed faster than inanimate referents, and constituents denoting the former often precede constituents denoting the latter (Kempen & Harbusch, 2003 Osgood & Bock, 1977; Vogels, Krahmer, & Maes, 2019) . A second source of linear-order preferences concerns the topic-comment distinction. Constituents expressing topical (old, presupposed, known) conceptual content tend to receive sentence positions that precede constituents conveying a newly conceptualised comment. In the linguistic literature, the topic-comment distinction is often discussed under the heading of information structure (Lambrecht, 1994, Ch. 4; Vallduvi, 1992) . The third source of processing complexity concerns word frequency (lexical accessibility). Unless prevented by strict rules of grammar, frequent words tend to occupy earlier positions than rare words. For example, Fenk-Oczlon (1989) found that in "frozen" coordinations (i.e. fixed expressions such as facts and figures, dead or alive) the more frequent member tends to come first. (Recently, Berg, 2018 wrote a detailed overview of frequency effects in a variety of syntactic constructions.) Lexical accessibility is prone to online fluctuations under the influence of priming and visual cueingconditions leading to pre-activation of lexical items and to the construction of sentences that afford early placement of pre-activated items (Hwang & Kaiser, 2015 and Sauppe, 2017 review the literature and report new data).
A property shared by these phenomena is that the words or constituents occupying early positions in the evolving sentence, have arguably been composed with less effort than their counterparts at later positions. Assuming that less effort implies shorter processing time, "low-effort" constituents can be inserted into a sentence frame earlier than high-effort constituents, if the grammar supplies suitable landing places in early positions. MacDonald (2013, p. 3) calls this the "Easy First" bias.
The greater processing effort required by fillers of later (posterior) compared to earlier (anterior) positions does not imply that the overall processing load recruited by a sentence increases while the speaker is adding more and more constituents. Sentence planning includes not only composing and ordering individual constituents but also assembling them into an overarching structure. Indeed, an experimental study in which speakers had to combine spontaneous language production with a secondary ("dual") task did not provide evidence for cognitive processing load increasing towards the end of the sentence (Ford & Holmes, 1978 ; see also Harley, 2014, pp. 431-432) . Actually, the cross-sentence processing load seemed to be more or less stable. A plausible explanation is based on (effort-free and simultaneous) preactivation of (1) future structural elements entailed by the current incomplete sentence frame, and (2) lexical items associatively or semantically linked to lexical items used in the current incomplete sentence, that happen to fit the syntactic fragments under construction.
This observation is in line with recent data showing that speakers, when confronted with a peak in the processing load due to a high-effort sentence continuation, may insert optional function words in front of the problematic upcoming fragment. The extra word, e.g. an "easy" clause-initial optional complementiser such as the subordinating conjunction that, lengthens the interval available for planning the difficult fragment, thus lowering the average (per-word) processing load leading up to the fragment (Jaeger, 2010; Levy & Jaeger, 2007) . Conversely, when the upcoming fragment (the onset of the complement clause) is highly predictable, the probability of not using the optional word ("reduction") increases. The effect is known as Uniform Information Density (UID).
In the next section, we describe an unexpected observation in spoken German, Dutch and English corpora that suggests an accessibility-anteriority relation regarding finite verbs, and propose a theoretical account. Section 3 describes the data collection methodology applied in the study. The statistical analyses of the data are reported in Section 4. Finally, Section 5 explores relations between our findings and other sentence production phenomena discussed above (Easy-First phenomena, Uniform Information Density), and proposes topics for further investigation.
An accessibility-anteriority link for finite verbs?
Empirical studies of effects of accessibility on linear order have focused on (pro)nominal constituentspresumably because nouns and pronouns enjoy much intraclausal freedom of position. In the present paper, we show that finite verbs, too, are subject to effects of accessibility, in spite of very restricted placement options. We present corpus data showing that accessibility effects can manifest themselves not only in more anterior placement of constituents but also, if the grammar does not allow anterior placement, in alternative lexical choices for the constituent. These data, extracted from spoken language treebanks, suggest that the tendency for high frequent lexical items to occupy early sentential/clausal positions may have a double origin: not only in prioritisation of constituents that have multiple placement options, as sketched above, but also in a bias favouring the selection of high-frequency lexical material for early constituents that have a single, fixed position in the surface structure of a clause.
The data we collected concern frequency distributions of finite verbs in main and subordinate clauses of three Germanic languages with fairly rigid placement options for verbs, especially finite verbs. In English, a Subject-Verb-Object (SVO) language, the finite verb standardly occupies a relatively early position in main as well as subordinate clauses. In German and Dutch, however, there is a split between main and subordinate clauses: The finite verb is obligatorily placed clause-finally in subordinate clauses (SOV) but in clause-medial or earlier position in main clauses (SVO). Due to this split, the positional contrast of finite verbs in main versus subordinate clauses is larger in German and Dutch (VO vs. OV) than in English (always VO). (Given the data classifications used below, there is no need to discuss word order rules in more detail.)
The work to be reported began as fallout from a corpus study on a different topic (Kempen & Harbusch, 2017) . As part of that study, we had computed lemma frequencies of verbforms functioning as head of a main clause (always finite), of a finite subordinate clause, or of a nonfinite subordinate clause (often called Verb Phrase, VP: infinitival, participial, gerund). In line with general linguistic practice, we had treated finite auxiliaries and modal verbs (be, have, may, can, will, do) as heads of finite clauses. They govern complement clauses whose heads are nonfinite verbs. This also holds for other verbs (go, want, like, try) that take nonfinite complements. These corpus data revealed a remarkable interaction, in all three languages, between total lemma frequency and clause type. In subordinate clauses, the probability of a finite verb to function as clause head turned out to be more or less constant across the frequency spectrumas expected a priori. However, the probability of a finite verb to head a main clause appeared to rise with the total lemma frequency of the verba rise that went hand in hand with a corresponding fall of the probability of the verb's lemma to head a nonfinite clause. Stated differently, high-frequency verbs tend to be overused (over-represented) in main clauses, whereas their presence in finite subordinate clauses tends to align with their total lemma frequency (i.e. without overuse of high-frequency verbs). We refer to this pattern as the main-clause bias of high-frequency finite verbs (for short: MCB effect). By implication, high-frequency verb lemmas are underused as heads of nonfinite clauses. In the present paper, we provide a closer analysis of this intriguing data pattern, focusing on contrasts between the three languages.
The hypotheses to be tested presuppose that finite clauses are important units of sentence planning. This conclusion is based on the fact that during spontaneous speech large proportions of them are immediately preceded by disfluencies (hesitations, pauses, repetitions, repairs, false starts, etc.) . This suggests that if a sentence consists of a sequence of several finite clauses, the speaker probably has planned them sequentially (see the literature surveys by Harley, 2014; Levelt, 1989) . However, this does not rule out the possibility for a finite subordinate clause (e.g. a relative clause) to be center-embedded in a higher clause, or that a finite subordinate clause precedes the main clause in the finally delivered sentence. In fact, we assume that the time course of sentence planning corresponds to the hierarchy of clauses, such that the onset of planning a clause higher in the hierarchy precedes the onset of planning any embedded clause. Within a clause, parallel planning of multiple immediate syntactic constituents is possible, although due to incremental conceptualisation of the tobe-expressed message and differing accessibility conditions, some constituents will be initiated and completed earlier than other ones (cf. the "Easy First" phenomenon discussed in Section 1). Once a suitable shape has been determined, a constituent is ready to fill one of the linearly ordered positions (slots) defined by the grammar of the clause; but revisions of a constituent may continue until it is needed in an upcoming slot and passed on to phonological and articulatory processing stages.
This course of events implies that anterior clause positions exert more time pressure on the lexical selection of suitable fillers than posterior positions (see Sauppe, 2017 for experimental evidence from German). With respect to finite verbs, this means that easy and fast accessibility is in greater demand in main clauses than in subordinate clauses, given that the large majority of finite subordinate clauses is attached to the next higher (often main) clause as the latter's most posterior constituent (tail recursion, creating the impression that finite clauses are like beads on a string).
In view of these general assumptions about the interclausal and intraclausal time course of the sentence planning process, and the temporal head-start enabled by high accessibility of lexical items, we predict 1 the mainclause bias (MCB): The head-start of high-frequency verbs makes them privileged candidates (1) to become heads of clauses planned early (main rather than subordinate), and (2) within these clauses, to fill obligatory early positions. These two effects can be summarised succinctly as follows: Clauses with early standard position of the finite verb "attract" high-frequency verbs. This is not the only effect, though. The data to be reported below show that the size of the MCB effect varies between the target languages. In order to account for this cross-language difference, we stipulate an attraction effect in opposite direction, which may influence clauses planned subsequently to the main clause at the top of the hierarchy.
As said, in all three languages the planning process starts with an obligatory main clause. However, finite clauses planned subsequently can be main or subordinate. Depending on the grammatical and pragmatic context, the choice may or may not be obligatory. One determining factor is the conceptual relation between the new clause and the preceding one at the top of the hierarchy. This relation is lexically realised by a coordinating conjunction (and, but, for) or by an introductory constituent marking the clause as subordinate: in case of complement or adverbial clauses by a subordinating conjunction (because, if, that, while, when, although, etc.) , or by an introductory wh-phrase in case of relative clauses or dependent interrogative clauses. (The introducing constituent is optional in certain contexts, as in I wasn't aware (that) I was speeding.) Sometimes the lexicalisation of the conceptual relation is (co-)determined by the illocutionary force of the propositions involved in the relationship. For instance, the causal coordinating conjunction for requires that both related clauses have independent illocutionary force (e.g. make an assertion), as in I got a ticket for I was speeding. In that case, the clauses can also be realised as main clauses of two separate sentence (I got a ticket. I was speeding), or the speaker might have used the subordinating conjunction because. However, because does not require that the main clause expresses an assertion. Variant I got a ticket because I was speeding can be used if independent illocutionary force is associated with the sentence as a whole, not necessarily with the main clause (which may express a presupposition). This example shows that the choice between a main or an adverbial finite clause may be optional. Another example is the possibility to realise a sentence-final non-restrictive relative clause as the second conjunct of a main-clause coordination (e.g. I got a speeding ticket, which I should pay within a month vs. I got a speeding ticket and I should pay it within a month).
Speakers may thus revise their initial (tentative) choice, especially as long as no subordination marker has been overtly expressed, and select the main-clause format if licensed by the grammatical and pragmatic context. We refer to such clause format switches as covert crossovers. They may occur when the main clause resulting from the crossover comes after the main clause at the top of the hierarchy. (For corpus evidence in support of crossover scenarios in German and Dutch, see Kempen & Harbusch, 2017 , 2018 The hypothesis of covert crossovers means that competition may arise between a main-and a subordinateclause realisation. (Such competition is absent when the top-level main clause of the sentence is being planned.) The outcome of this competition will be sensitive to the frequency of the finite verb if early availability of the verb not only leads to acceleration of the planning process for the clause under construction but also to suppression and abandonment of the originally envisioned clause type. If one of the competing clause types requires a finite verb in a more anterior position than the other clause type, the outcome of the competition favours the former: High-frequency verbs may thus be said to attract clauses with an early position for the head verb. In German and Dutch subordinate clauses, the finite verb is clause-final (SOV) whereas it occupies verbsecond position in main clauses (SVO). Therefore, in these languages high-frequency head verbs attract main clauses. In English, with SVO order in both clause types, high-frequency is not expected to favour covert subordinate-to-main crossovers.
Note that each such crossover has two effects on the distribution of main-finite and subordinate-finite proportions in a corpus. First, it increases the difference between the overall main-clause and subordinateclause proportions. In addition, as a crossover is more likely with higher-frequency verbs, it also tends to steepen the slope of the MCB curve.
In sum, the reasoning developed here postdicts not only the MCB effect in languages with early finite verb positions in main clauses, but also the larger effect size in languages with different, than in languages with similar word orders in main vs. subordinate clauses. As regards the current three target languages, we hypothesise that the MCB effect in English is due to main clauses attracting high-frequency verbs; in German and Dutch the MCB is stronger due to the additional attraction of main clauses by high-frequency verbs triggering covert subordinate-to-main crossovers.
Methodology
Our data sources are the three syntactically annotated corpora listed in Table 1 . To our knowledge, these were the largest treebanks for spoken German, Dutch and English available in the literature when we began the research project described here (2014). The spoken materials consist of sentences extemporaneously produced in varied dialogue situations (face-to-face or telephone conversations).
From the German VM dialogues, we used the sentences syntactically annotated in the TüBa-D/S treebank (Stegmann et al., 2000) . TüBa-D/S uses tags that allow easy classification of clauses as VO (designating a main, always finite clause: henceforth Main-Fnt), or OV (in finite subordinate clauses: Sub-Fnt). Nonfinite verbforms (Non-Fnt) are identified by special part-of-speech tags. CGN contains spoken sentences from various different domains (news, telephone conversations, speeches, etc.). However, not all of them were produced spontaneously. In total, we discarded about 3800 sentences with read speech. The sentences had been annotated with relatively theory-neutral dependency graphs (Hoekstra et al., 2001; van der Beek, Bouma, & van Noord, 2002) . The corpus specifies features that directly allow classifying clauses as Main-Fnt or Sub-Fnt. As in VM, part-of-speech tags enable classification of verbforms as nonfinite. SWB is a large corpus of dialogues comprising about 2500 phone conversations by 500 speakers from around the USA. SWB does not specify features enabling straightforward identification of clauses as Main-Fnt or Sub-Fnt. We rectified this by adapting TIGER-Search (König & Lezius, 2003) , and writing our own JAVA software. In sum, all three treebanks were analysed by means of TIGERSearch along with JAVA programmes we developed ourselves (see also Dipper & Kübler, 2017 for a more detailed description of the TüBa-D/Z and TIGER annotation schemes, and for TIGERSearch as used in corpus studies of written German.)
In all three treebanks we had to lemmatise the verbforms, i.e. to assign them to a citation form ("lemma"; represented by the infinitive, except in case of English modal auxiliaries and a few defective verbs). A major subtask here concerned separable verbs: combining the particle with the core verb. For lemmatisation purposes, we used published computationallinguistic databases containing lemmatised verbforms, and software developed in-house; 2 but we carefully checked the results manually. When reporting verb frequencies, we will always use the citation forms (lemmas). In order to obtain the total lemma frequency of a verb, we added the frequencies of all its finite and nonfinite forms. Excluded from all calculations were verbs within sentence fragments tagged as repairs or revision (Table 2) . We did not try to disambiguate verbforms. That is, if a verbform can be allocated to more than one infinitive (e.g. lay as finite form of lie or lay), we arbitrarily chose one (always the same). If the citation form itself is ambiguous, that is, belongs to multiple subclasses of verbs (e.g. intransitive or transitive, full verb or auxiliary), we adopted the verb-class tag already attached to the verbform in the treebank; we did not try to disambiguate polysemous or homophonous verbs (e.g. lie). Informal inspection of published word-frequency counts (e.g. Leech, Rayson, & Wilson, 2014) reveals that the incidence of these types of ambiguities is too low to seriously affect the data patterns we are focusing on in any of the three target languages. In sum, we largely relied on the parsetree information stored in the treebanks, deviating from it only in case of obvious parsing errors or lacunae.
As final preparatory step we assigned a clause type to each individual verbform token: main finite (Main-Fnt, including parentheticals such as you know, and imperatives), subordinate finite (Sub-Fnt: complement, adverbial, and relative clauses), and nonfinite (Non-Fnt: infinitival, participial, gerund). In the present paper, nonfinite forms will receive only cursory attention. For each of the various clause types, and for each treebank separately, we defined a set of search queries based on the treebank's morphological, lexical and syntactic tagging system and on the relative positions of these tags and other node labels in the syntactic trees.
An important principle we adhere to in our counts is "one head verb, one clause": every verb token is head of a clause; and vice-versa, every clause has one head verb. (We treat finite auxiliary and modal verbs as heads of their clauses, not the nonfinite verbs they govern.) This means we may use the phrases "number of head verbs" and "number of clauses" interchangeably. Although a finite clause contains exactly one finite head, it may include constituents that themselves consist of a hierarchy of one or more nonfinite clauses (as in He will [try [to sell his bike]]). As regards coordinate structures: Two or more clauses participating in a coordination were counted separately; clauses featuring Gapping (as in John loves Mary, and Peter Jane) or other elliptical constructions, were not included in the counts. Given our focus on finite verbs, we discarded all verb lemmas whose corpus occurrences (tokens) consisted of nonfinite verbforms only. 3 Table 3 shows some key figures of the resulting dataset.
For each lemma we counted how often its forms occurred as head of a main, a finite subordinate, or a nonfinite clause (Main-Fnt, Sub-Fnt, Non-Fnt), and calculated its total lemma frequency by adding the three numbers. Dividing the Main-Fnt, Sub-Fnt and Non-Fnt tokens of a lemma by its total frequency yields clausetype proportions, which define the cross-clause-type distribution of the lemma (a measure of the lemma's relative attraction to each of the clause types). The three clause-type proportions of a verb lemma v can be expressed as conditional probabilities: Prob(Main-Fnt| v), Prob(Sub-Fnt|v), and Prob(Non-Fnt|v). In order to remove the effects of differing corpus sizes, we normalised the total frequency of each lemma by dividing it by the sum of all lemmas per language (i.e. the numbers in the rightmost column in Table 4 below). This gives the normalised total frequency (NormTotFreq) of each lemma.
When computing the average clause-type distribution of a group of lemmas, we can do this on the basis of the abovementioned "raw" clause-type proportions (the conditional probabilities), or we allow higher-frequency lemmas in the group to exert a stronger influence on the outcome than lemmas with lower frequencies. The latter we call "weighted" clause-type proportions (abbreviated WMain and WSub) which we obtain by multiplying the clause-type proportions of a verb by its normalised total frequency (NormTotFreq). Note that this weighting transformation affects group totals and group averages but leaves the clause-type distribution of the individual lemmas intact.
Results
In Section 2, we formulated three hypotheses which, in the terminology introduced above, read as follows. First, the Main-Fnt proportions of a verb lemma are expected to increase with increasing total lemma frequency (because main clauses assign early positions to their finite head). Second, no such increase (or only a small one) should occur in the Sub-Fnt proportions (because subordinate clauses are planned later than main clauses, meaning that early accessibility of finite verbs is not urgent). The combination of these hypotheses we call the MCB effect. Third, German and Dutch will exhibit larger MCB effect sizes than English (because they have differing word orders in main compared to subordinate clauses, whereas English has basically the same word order in both clause types). Before testing these predictions statistically, we need to remove a methodological artefact from the dataset.
Consider Figure 1 , which shows the distribution of finite and nonfinite verb tokens across the three clause types as a function of the total frequency of verbs occurring with at least one finite form (cf. Table 3 ). The three corpora reveal the same overall pattern: clause-type curves in the form of inverted U-shapes. As our primary interest is the effect of total lemma frequency on the distribution of finite forms, we discarded all verb lemmas whose occurrences were all nonfinitea decision that more likely impacts on low-frequency than on high-frequency verbs, thus indirectly raising the proportion of finites in low-frequency verbs. The turning point in nearly all U-shapes is around a total lemma frequency of 20. In the statistical and theoretical analyses reported Table 4 . Verb lemmas with a total lemma frequency ≥ 20 (a subset of the numbers in Table 3 ). The first data column shows the number of unique lemmas; the other columns give the number of tokens (verbforms). The percentages indicate the clause-type distributions of all verbforms belonging to the lemmas with total lemma frequency ≥ 20. Figure 1 . The unweighted clause-type distributions of verb lemmas as a function of the natural logarithm of their total frequency, for the three target languages. In each graph, the three proportions depicted above a given abscissa value add up to 1.
below, we disregard verbs with a total lemma frequency smaller than 20. The consequence is that the analyses will be based on 929 high-and mid-frequency verbs, which cover 21.5 percent of the verb lemmas in the corpora but 73.7 percent of the verbforms (tokens). Application of these filters yields the scatter diagram of Figure 2 , which clearly exhibits the hypothesised pattern: an increasing difference between the Main-Fnt and Sub-Fnt with increasing total lemma frequency (the MCB effect), and steeper slopes (see the trendlines) for the German and Dutch corpora than for the English one. The equations underlying the trendlines, and the corresponding R 2 values are listed in Table 5 . Figure 2 shows not only steeper MCB slopes for German and Dutch than for English, but also a bigger overall ratio of the Main-Fnt to the Sub-Fnt proportions. The ratios are 2.1 to 1 in the English, and 3.6 to 1 in the Dutch corpus. Although many factors unrelated to the current theory may have contributed to this difference (variability of the topic domains, corpus sizes, and conversational setting, for instance), we interpret the ratio difference as in line with the predicted difference regarding the probability of covert subordinate-to-main clause crossovers (higher in Dutch than in English). The much higher ratio in the German corpus (8.3 to 1) must be due to unrelated factors (see also next section).
In order to test the statistical significance of the predicted differences, we applied Beta Regression (Cribari-Neto & Zeileis, 2010), 4 which assumes a beta-distributed dependent variable in the (0,1) range (i.e. proportions bigger than 0 and smaller than 1), using the Betareg software package in R (mean model with logit link; see Appendix C for details of the analyses). We tested models with three different dependent variables: (1) the weighted Main-Fnt proportions (called WMain in the Appendix), (2) the weighted Sub-Fnt proportions (WSub), and (3) the difference of the Main-Fnt and Sub-Fnt proportions (DiffWMainWSub). In all models, the independent variables were the normalised total frequency of the lemmas (NormTotFreq) and Languagethe former entered as a continuous, the latter as a categorical predictor. In order to make sure that all Main-Fnt minus Sub-Fnt differences were greater than zero (as required by Beta Regression), we added 0.1 to each difference. (This raised the minimum, maximum and mean values of the frequency predictor to 0.1, 0.2697258, and 0.1014064, respectively. As for the two dependent variables: All zero values of WMain became Figure 2 . Clause-type distributions of finite verbs in the target languages (unweighted proportions). Only verbs with a total lemma frequency of 20 or more (i.e. natural logarithm approximately 3) are shown. The equations underlying the trendlines, and corresponding R 2 values are in Table 5 . In all three models, the main effects of NormTotFreq and Language were highly significant (all p-values < .001; see Appendix C). Here, we focus on the interactions between NormTotFreq and Language. With weighted Main-Fnt proportions as dependent variable (first Betareg model in Appendix C), the NormTotFreq values of Dutch and German verbs both had a stronger effect on the growth of the MCB effect than those of English verbs (both z-values > 3, p < .002). However, the growth with NormTotFreq of the weighted Sub-Fnt proportions was not modulated by Language (second model; z-values between -1 and +1). These differential effects of Language on the growth rates of the Main-Fnt vs. Sub-Fnt proportions suggests a significant Norm-TotFreq * Language interaction when the difference between the clause-type proportions is the dependent variable. This expectation is confirmed in the third model (z-values > 30, p < .0001).
The graphs in Figure 2 show that the Main-Fnt slope computed for the German data is steeper than the slope of its Dutch counterpartan effect not predicted by the theory. We surmise that this contrast is somehow related to the narrower range of topics addressed by the German speakers, given the task assigned to them during the recorded sessions. (Each pair of speakers was asked to prepare a joint business trip. This accounts for frequent mention of verbs related to scheduling and travel (e.g. in Appendix A: fahren "drive"; passen "suit"; ankommen "arrive"; zurückkommen "return" stattfinden "take place", etc. As a result, the number of different (unique) lemmas was small compared to the numbers in the other corpora, where the speakers usually talked without specific domain instructions.)
To sum up, the Betareg analyses confirm that the differences entailed by the three hypotheses put forward above, are statistically significant: The overuse of high-frequency verbs is largely restricted to main clauses (the MCB effect), and the extent of this overuse as measured by the difference between weighted Main-Fnt and Sub-Fnt proportionsis more prominent in German and in Dutch than in English.
Discussion
We have attributed the main-clause bias (MCB) effect and the cross-language difference of its effect size to two different manifestations of what we have called the accessibility-anteriority link. First, speakers of the Germanic language that we investigated, tend to overuse high-frequency finite verbs in the main clauses they produce. We found hardly any overuse of such verbs in finite subordinate clauses, meaning that a model based on "Easy First" alone is inadequate. The crucial factor seems to be time pressure: Finite verbs are demanded at anterior positions in main clauses, and high-frequency verbs can meet this demand more readily than lower-frequency verbs. For finite subordinate clauses, whose planning is likely to lag behind main-clause planning, more planning time is available. This eliminates much of the time pressure and allows less frequent but perhaps more appropriate verbs to conquer a clause position.
The second manner in which we suggest the accessibility-anteriority link can become manifest, is by biasing the format/status of a clause-under-construction from subordinate to main. We argue that covert subordinate-to-main crossovers occur in all three target languages, conditionally upon pragmatic factors such as the type of illocutionary force associated with the clause, and on this clause being syntactically licensed to follow the topmost main clause. When these conditions are met, competition arises between main-and subordinate-clause formats, with the format that assigns an earlier position to the finite verb surfacing as the likely winner. Given the different SVO/SOV word order patterns in the target languages, we argue that the MCB effect should be larger in German and Dutch than in Englisha prediction that is statistically confirmed.
Is the proposed explanation of the MCB patterns in the three languages the most parsimonious one? The current interpretation of the MCB effect is based on mutual attraction by high-frequency verbs and clauses with finite verbs in early positions. In addition, we have assumed that subordinate clauses, which tend to be planned later than main clauses, are immune to time pressure arising if the clause needs a finite verb in an early position. However, the latter assumption can perhaps be dispensed with if a more central role can be assigned to covert crossovers. Consider the possibility that all finite clauses attract high-frequency verbs (with a force depending on the earliness of the head verb); that is, overuse of high-frequency verbs occurs not only in main but also in finite subordinate clauses. However, only the latter clauses may undergo covert subordinate-to-main crossovers due to competition between two clauses formats. (Such competition does not affect clauses at the top of the clause hierarchy because at that planning level main-clause format/status is the only option.) If this assumption is correct, we could stipulate that the observed (near-)absence of overuse in finite subordinate clauses is due to covert crossovers, which leads to flatter slopes in the Sub-Fnt proportions and simultaneously to steeper slopes in the Main-Fnt slopes. Although this alternative account seems more parsimonious than the one proposed above, it fails to explain why the slope of the proportions in Sub-Fnt clauses is (close to) zero rather than just flatter than the slope of the Main-Fnt proportions. Mathematical modelling may be able to decide whether the simpler account can fit the data patterns in the three languages.
In the remainder of the present section, we explore relations between the MCB findings and other phenomena discussed in the Introduction (Easy-First phenomena, Uniform Information Density), and propose topics for further investigation.
But first we need to justify why we did not go into factors causing some verbs to be more frequent than others. The reason is that we view the accessibility-anteriority link as the "proximal cause" of the MCB, and that a variety of factors underlying accessibility levels are "distant causes". Most verb frequency differences presumably reflect conceptualisation frequencieshow often the conceptual content that drives lexical access and retrieval, is "on the speaker's mind". Another factor is the verb's multifunctionality: whether it can be used in multifarious pragmatic, semantic or syntactic contexts. Among the reasons why certain verbs are used in main rather than subordinate clauses are pragmatic and cognitive/communicative factors such as propositional attitude, evidentiality, and epistemicity. (See also the verb listings in Appendix B.)
We count the MCB effect as an Easy-First phenomenon, but one with a special touch: It does not increase the likelihood of selecting the earlier member of a set of placement options open for a clause constituent; instead, it boosts the probability for high-frequency lexical items to select the sole placement option for that constituent (here, the fixed clause position of the finite verb). Nonetheless, covert subordinate-to-main crossovers may be compared to the rather "drastic" Easy-First variant that involves changing the voice of a clause from active to passive. In both cases, a late constituent receives a much earlier position: SOV becomes SVO in the former case; in the latter, a late object becomes an early subject (and the transformation usually introduces a high-frequency finite auxiliary verb appearing at an early position).
The accessibility-anteriority link we hold responsible for the MCB also has the effect of promoting uniform information density (UID). At the onset of planning a mono-or pluriclausal sentence, the speaker has to decide on values for a large number of parameters that together make up the shape of the upcoming utterance.
(Incremental production can alleviate this task to a considerable extent.) In the course of this planning process, the number of degrees of freedom decreases gradually (often with interrupts at the transitions between finite clauses). In languages where a clause hierarchy is planned top-down, main clauses are usually planned prior to subordinate clauses, as supported by the fact that the majority of main clauses precedes finite subordinate clauses in the surface structure of the sentence. If indeed the peak of the cognitive processing capacity mounted by the planning process thus tends to affect main clauses more heavily than subordinate clauses, the speaker can help to prevent overload by choosing easily accessible verbs (and other "easy" clause constituents with early placement options). The result will be a less skewed distribution of planning capacity recruited across the clause hierarchy.
In information-theoretical terms, one therefore expects the predictability (uninformativity) of the finite verb to be higher, on average, in main clauses than in subordinate clauses. In order to estimate how predictable a finite verb v is in the given clause type, we took an approach similar in spirit to one popular in work on predicting properties of speech sounds (Cohen Priva, 2008; Mahowald, Fedorenko, Piantadosi, & Gibson, 2013; Piantadosi, Tily, & Gibson, 2011; Seyfarth, 2014) . It is based on the conditional probabilities Prob(v|Main-Fnt) and Prob(v|Sub-Fnt). The surprisal value (Shannon information) associated with these probabilities can be approximated by their logarithmic transforms LN(1/ Prob(v|Main-Fnt)) and LN(1/Prob(v|Sub-Fnt)), where LN denotes the natural logarithm. The resulting values are weighted by the verb's Main-Fnt and Sub-Fnt proportions: Prob(Main-Fnt|v) and Prob(Sub-Fnt|v), respectively. Within each clause type, the resulting products (i.e. the predictability estimates) tend to be high for verbs whose presence in the clause type yields low surprisal values (being often encountered "inhabitants" of that clause type compared to rare inhabitants), and to have a stronger attraction to that clause type (relative to other clause types). In each treebank, the average predictability scores thus calculated for verbs in main clauses are higher than those for subordinate clauses (2.67 and 0.53 for German; 2.35 and 1.04 for Dutch; 1.67 and 1.16 for English): This result (unsurprising, given the results discussed in the previous section) shows that that verbs in posterior clauses (subordinate) tend to be less predictable than those in more anterior clauses (main). This is in line with UID on the presupposition that non-lexical aspects of planning at sentence onset are rather unpredictable.
However, the latter assumption seems at variance with the results of a recent corpus study by Temperley (2019) with written newspaper English (Wall Street Journal) . This study shows that, as summarised in the title, "rare constructions are more often sentenceinitial". The rare constructions investigated by Temperley belong to the class of "Main Clause Phenomena". Examples are participle preposing (Standing next to me was the president of the company); preposing around be (More significant would be the development of a semantic theory); locative inversion (On the wall hangs a portrait of Mao), and topicalization (This book you should read). His explanation of the predominantly sentence-initial position of such constructions (as opposed to rarer occurrences in non-sentence-initial positions, e.g. in complement clauses) is based on the assumption that syntactic processing at the very beginning of a sentence [is] easier (requiring less computation) than elsewhere. It therefore makes sense that a language might evolve to allow additional syntactic possibilities at the beginning of the sentence; this causes additional processing complexity, but this is counterbalanced by the reduction in processing load due to the absence of previous syntactic context. (Temperley, 2019, p. 6) Temperley continues this passage with remarking that his account is in line with the UID hypothesis.
Can Temperley's interpretation be reconciled with our account of the MCB effect? We suggest lexical rather than syntactic factors could be responsible for the lower processing complexity of sentence-initial compared to later clauses (due to higher-frequency verbs and other parts of speechthe latter to be checked in the corpus). We expect that while planning progresses, syntactic planning problems decrease, on average, due to preactivation of suitable syntactic alternatives. An obvious alternative attempt at resolving the conflicting interpretations could be based on the fact that Temperley's study used written rather than spoken corpus materials. Such an attempt is likely to fail, though, because we found an MCB in the Wall Street Journal corpus as well, be it with a smaller effect size than in the Switchboard corpus consulted in the present study (cf. Kempen & Harbusch, 2017) .
As for future empirical work, if our theoretical account of the MCB and the observed cross-language variability is correct, it entails predictions regarding MCB effects and effect sizes in other languages. We expect moderate MCB effects, comparable to English, in other Germanic languages, given they are largely SVO in both main and subordinate clauses. No MCB is expected in languages such as Japanese where verbs are final in all clause types, and main clauses follow rather than precede subordinate clauses. The advantage of early available verbs is thus eliminated. (Note that Japanese does exhibit intraclausal Easy-First effects of the type we described in Section 1; see Lohmann & Takada, 2014; Tachihara, Pitcher, & Goldberg, 2019.) Empirical studies of MCB effects in different language families (in particular, studies comparing SVO and SOV languages) can provide new insights into the planning process from which multiclausal sentences originate. One topic we find worthwhile pursuing is whether strongly head-final (SOV) languages favour bottom-up planning of clause hierarchies, in contrast to the predominantly top-down course we have assumed for SVO languages, and if so, how this difference interacts with other aspects of grammatical encoding.
Notes 1. We realise that the term "postdiction" is more in line with history: The data pattern came first, and the interpretation is post hoc. 2. The databases we consulted are the following. For all three languages: CELEX (Baayen, Piepenbrock, & Gulikers, 1995) . In addition, we used the morphological software MORPHY (Lezius, 2000) , and lemmatisations from these written treebanks: TIGER (Brants et al., 2004) , TüBa-D/Z (Telljohann, Hinrichs, Kübler, & Kübler, 2004) , and ALPINO (van der Beek, Bouma, Malouf, & van Noord, 2002) . The in-house software mentioned here and elsewhere in the paper is available on request from the second author. 3. This resulted in the removal ofmostly low-frequencyverbs: 440 German lemmas (with a total of 845 verbform tokens); 1689 Dutch lemmas (3749 tokens), and 1143 English lemmas (2349 tokens). We verified (using the statistical methods of the next section) that their removal did not alter essential aspects of the data patterns and significance levels. 4. Cribari-Neto and Zeileis (2010, p. 1) introduce Beta Regression as follows:
[Beta Regression] is based on the assumption that the dependent variable is beta-distributed and that its mean is related to a set of regressors through a linear predictor with unknown coefficients and a link function. Explanations of terms not reserved by Betareg:
• Language codes (for treatment coding): en (English), de (German), nl (Dutch). English was the reference language.
• NormTotFreq: the "raw" frequency count of a lemma divided by the total number of verbforms per corpus (see rightmost column in Table 4 ).
• WMain, WSub: weighted main proportions, weighted sub proportions (dependent variables in first and second models below). The input formulae include a zero term, which forces every level of the categorical independent variable (here: every language) to receive its own intercept. Therefore, the main effects are the per-language intercepts, and the slope for the frequency effect of each target language is not included in the interactions. The interaction terms reflect the differences in the slope for each language, i.e. the offset from the reference language (English).
The results of the Betareg analyses are presented on the following three pages. 
